Introduction and Aim: There have been few studies to evaluate the monitoring of plasmatic concentrations of vancomycin in septic patients and their association with acute kidney injury (AKI) and death. This study aimed to evaluate the prevalence of adequate, subtherapeutic, and toxic serum concentrations of vancomycin in hospitalized septic patients and to associate the adequacy of therapeutic monitoring with clinical outcomes. Methodology: This was a cohort-unicentric study that evaluated septic patients aged >18 years using vancomycin admitted to clinical and surgical wards of a Brazilian university center from August 2016 to July 2017 in a daily and uninterrupted way. We excluded patients with AKI prior to the introduction of vancomycin or with AKI development <48 hours after use, patients with AKI of other etiologies, stage V chronic kidney disease, and pregnant women. Results: We evaluated 225 patients, and 135 were included. Evaluation of serum concentration of vancomycin was realized in 94.1%, and of those, 59.3% presented toxic concentrations. The prevalence of AKI was 27.4% and happened on average on the ninth day of vancomycin usage. Between the fourth and sixth days, vancomycin serum concentration of >21.5 mg/L was a predictor of AKI, with area under the curve of 0.803 (95% CI 0.62-0.98, p=0.005), preceding the diagnosis of AKI by at least 3 days. Of these patients, 20.7% died, and serum concentrations of vancomycin between the fourth and sixth days were identified as risk factors associated with negative outcomes. Conclusion: Serum concentration of vancomycin is an excellent predictor of AKI in patients admitted to wards, preceding the diagnosis of AKI by at least 72 hours. Toxic concentrations of vancomycin are associated with AKI, and AKI was a risk factor for death. Also, serum concentration of vancomycin >21.5 mg/L was the only variable associated with death in the Cox model.
Introduction
Sepsis is defined as an organic dysfunction that threatens life, caused by an exacerbated response to an infection. 1, 2 It implies the failure of multiple organs, including the kidneys. [3] [4] [5] As such, the adoption of measures that lead to decreased mortality and reduced costs related to treatment and hospitalization, such as early administration of antimicrobials, the choice of which should be based on the patient's history, the recent use of antibiotics and the origin of the pathogens (community or hospital), are justified.
The main polemic points on vancomycin relate to its efficacy and safety. [5] [6] [7] [8] [9] Regarding efficacy, the concern is the alteration in pharmacokinetics, usually related to the distribution, metabolism, and elimination of the drug, 6, 8 which can lead to subtherapeutic concentrations, leading to the emergence of bacterial resistance due to the inefficacy of the treatment and consequently leading to higher mortality. Regarding safety, emphasis has been given to the main side effect of the medication -nephrotoxicity -which can aggravate the clinical picture and contribute to unfavorable outcomes. Based on studies of animal and clinical experimentation, in 2009 it was determined that optimum activity occurs with an area under the curve divided by the minimum inhibitory concentration value of equal or greater than 400. It was identified that this value is reached when trough serum concentrations of vancomycin (when the medicine is at a lower concentration) is 15-20 mg/L for major infections. 10, 11 However, there have been few studies to evaluate monitoring of its serum concentration and association with clinical outcomes, requiring improvement in knowledge regarding the safe and effective use of vancomycin.
Methodology
This was a prospective observational cohort study of adult patients diagnosed with sepsis defined using the quick SOFA 2 and admitted to four wards at the Clinics Hospital of Botucatu Medical School (two clinical and two surgical) during August 2016 to July 2017. Vancomycin was used according to the institution's protocols: loading dose of 25 mg/kg and maintenance of 15 mg/kg, with dosing intervals of 12/12-96/ 96 hours, depending on the serum concentration of the antimicrobial. We excluded patients aged <18 years, pregnant patients, those with chronic kidney disease stage 5 (classified according to estimated serum-creatinine clearance or measured at <15 mL/min), renal transplant recipients, patients already admitted with an acute kidney injury (AKI) of any etiology, vancomycin use <48 hours, and those who had developed AKI from another etiology (prerenal or ischemic, glomerular, and vascular renal causes). The study was approved by the local research ethics committee and registered in the Brazilian Registry of Clinical Trials (ReBEC) under number RBR-4zrwtz. Patients or legal guardians signed the informed consent form. From the time of prescription of vancomycin, the patient was included in the study and their electronic medical record consulted, and daily evolution data obtained, always by the same observer, until the end of the use of vancomycin and its hospital outcome (discharge or death).
The AKI definitions used were those of the organization Kidney Disease: Improving Global Outcomes (KDIGO): 5 baseline creatinine being the lowest value in 6 months if no prior data available or lower creatinine levels during hospitalization as long as the patient was not on dialysis. Therapeutic, subtherapeutic, and toxic serum concentrations were defined as two consecutive trough concentrations of 15-20 mg/L, <15 mg/L, and >20 mg/L, respectively.
Central tendency and dispersion were calculated as continuous and frequency values for the categorical variable and occurrence of AKI and death were established as dependent variables. ROC curves were built to evaluate the cutoff points for serum-vancomycin concentration as predictors of diagnosis and prognosis of AKI during T0-T2, T2-T4, and T4-T6. Areas under the curve of 0.7-0.79 were considered satisfactory and 0.8-0.89 as optimum. Sample-size calculation was performed using Lee's formula, and considering that the prevalence of AKI would be 20% higher in patients with toxic concentrations of vancomycin, with α-error of 0.05 and 80% study power, 64 patients were estimated for each group (total 128: 64 with toxic concentrations and 64 without). Table 2 vancomycin-related characteristics, both regarding the presence of absence of AKI. n Cox regression analysis, serum concentration of vancomycin during 96-144 hours (T4-T6, HR 1.06; p=0.038) was identified as the only risk factor for AKI, as indicated in Table 3 . The rest of the variables did not present statistically significant differences between the groups.
ROC-curve analysis ( Figure 2) showed that serum concentration >21.5 mg/L between the fourth and sixth days was a good predictor of AKI, with area under the curve of 0.8 (95% CI 0.62-0.98), sensitivity of 81.1%, specificity of 73.7%, and preceding diagnosis of AKI by at least 3 days (AKI happened on average at the ninth day of vancomycin use). After construction of the free time curve for AKI, based on cutoff values obtained by the ROC curve fort 4-6 days, it was observed that in the group with serum concentrations > 21.5 mg/L, the free time for the development of AKI was smaller than the group with serum concentrations <21.5 mg/L (log rank 0.026, Figure 3 ). Table 4 presents clinical and laboratory characteristics of patients and Table 5 characteristics related to vancomycin, both regarding the outcome of death. After analysis of both groups through Cox regression, it was observed that serum concentration of vancomycin between the fourth and sixth days (HR 1,078, p=0.039), was the sole predictor of death, as shown in Table 6 . After construction of the free time curve for death, based on the cutoff values obtained by the ROC curve for 4-6 days, it was observed that free time for death was smaller for the group with serum concentration >21.5 mg/L than the group with serum concentration <21.5 mg/L (log rank 0.006, Figure 4 ).
Discussion
Despite vancomycin's ample use in clinical practice, two concerns still permeate its use: efficacy and safety. Regarding efficacy, it is known that there are alterations in the pharmacokinetics of septic patients, which may lead to subtherapeutic serum concentrations and emergence of bacterial resistance, with a possible increase in mortality. Regarding safety, focus has been put on its main collateral effect, nephrotoxicity, with risks of AKI and complications on the short and long term.
This cohort study had as an objective to evaluate the prevalence of monitorization of serum concentrations at adequate, subtherapeutic, and toxic levels, on top of analyzing the impact of the inadequacy of these serum levels on clinical outcomes, like development of AKI and mortality. Despite the literature about vancomycin being vast, there have been few studies to correlate serum levels with clinical outcomes.
A total of 225 patients were evaluated, but only 135 were included in the analysis. This reflects the difficulty of studying the role of nephrotoxicity of vancomycin, for it is Infectious Diseases Pharmacists. 11 Therefore, one of the exclusion criteria of this study was the presence of AKI before the use of vancomycin or at 48 hours after starting its use. In sum, 75.6% of the patients had their antimicrobial doses adjusted, with the mean number of realized adjustments being 2±1.65. Iwamoto et al 12 Despite having the availability to realize therapeutic monitoring of the drug, which is not unanimous in all centers, difficulties have been observed with reaching and sustaining adequate serum concentrations, due to factors related to collection, patients, and pharmacokinetic variation of the drug in septic patients. 8 In our study, this difficulty was also present, with elevated rates of subtherapeutic and toxic concentrations. The incidence of AKI found in this study was 27.4%, which happened on average 9 days after the start of usage of vancomycin, with mortality of 20.7%. Data from the literature suggest variable nephrotoxicity prevalence: from 5% to 40% in the presence of other nephrotoxins in concomitant use. 11, [14] [15] [16] On Cox regression analysis, only the higher value of serum concentration between the fourth and sixth days was a factor associated with the development of AKI in this population, with serum concentration >21.5 mg/L showing to be a good predictor of AKI, with an area under the curve of 0.8, sensitivity of 81.1%, specificity of 73.7%, and preceding the diagnoss of AKI by 3 days (AKI happened on average on the ninth day of use of vancomycin). A prospective multicentric study conducted by Bosso et al 17 evaluating 288 patients using vancomycin found an association between nephrotoxicity incidence and vancomycin concentrations, with AKI occurring in 29.6% of patients with serum concentrations of vancomycin >15 mg/L and 8.9% of patients with vancomycin concentrations <15 mg/L. Ten other studies reviewed by Gupta et al 16 identified concentrations of vancomycin >15 mg/L as a predictor of nephrotoxicity, with AKI incidence of 27%. As such, the ideal therapeutic concentrations aimed at preventing nephrotoxic AKI are questionable. On Cox regression analysis, the higher concentration of vancomycin between the fourth and sixth days was the only predictor of death in the population.
This study presents some limitations, such as the small sample obtained, reflecting the difficulty of studying nephrotoxicity; the data being obtained from a single center; the fact of bacterial vancomycin resistance not having being studied; and the role of serum concentration as a prognostic predictor of AKI (eg, gravity and necessity of acute renal support). Despite these limitations, it was the first study to present cutoff values with an objective of refining the use and monitoring of vancomycin in septic patients in clinical and surgical wards.
Conclusion
This study showed that the prevalence of AKI associated with the use of serum concentration of vancomycin was elevated and that serum concentrations >21.5 mg/L between the fourth and sixth days were an independent predictor of AKI, presenting sensitivity and specificity >80% and preceding AKI diagnostis by at least 3 days. It was also shown to be associated with death on uni-and multivariate analysis, remaining the single predictor of death even after adjustment by the Cox model for the variables that also showed statistical significance. Therefore, early identification of serum concentrations of vancomycin can make adequate therapeutic interventions possible, eg, with adjustment of doses or administration intervals, with the goal of preventing AKI or modifying its natural history, resulting in a possible reduction in mortality.
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